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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

IN-LINE ATRCRAFT-ENGINE BEARTNG LOADS
I - CRARKPIN-BEARING LOADS
By Milton C. Shaw and ®. Fred Macks

SUMMARY

A method of generalizing the results of a relatively few ocon-
ventlonal bearing-load esnalyses has been developed. When dimensional
analysis 1s applied, a smooth curve 1s obtelned when the quantlty

(rpm)z,/ (imep) 1is plotted against (bearing load at a partiocular crank
angle)/(1imep). BSuch a family of curves, using crank angle as the
parameter, may be obtalned from the results of as few as six conven-
tional bearing-load analyses. Thlis famlly of curves enables charts
to be constructed that gilve the maximum and mean crankpin-bearing
loads for any comblnation of engine speed and lndicated mean efiec-
tve pressure, This method is applicable to the principal bearings

of both in-linc and radial englnes.

From an applicati-n of this analysls to crankpln-bearling loads
of V-type engines, 1t was found that optimum combinations of englne
speed and Indicated mean effectlve pressure exlst for which mean and
maximum crankpln-bearing loads are minima for a given power; such
combinations lle in the practical region of operation. The best
flive throttle setting with regard to crankpin-bearing load is one
that will produce an indicated mean effective pressure slightly lesa
than that corresponding to this optimum combination of speed and
ind icated mean effectlve pressure at dive speed. At a glven power
level the optimum maximum crankpin-bearing load varies directly with
the compression ratio. The ratio of connecting rod length to crank
throw does not appreclably influence the mean or maximum crankpin-
Pearing load.

Charts are presented from which the maximum and the mean
crankpin-bearing loads for a productlon, 12-cylinder, V-type engine
can be determined for all values of englne speed to 5000 rpm and for
gll values of indicated mean effective pressure to 500 pounds per
square inch. The maximum crahkpin-bearing load for thls englne
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1s shown %o ocowr in the orank-angle reglom of 20°, 120°, or 680°
depending wupon the relative values of engino speed and 1indicated
mean effective pressure employed.

JITRODUCTION

An exact knowledge of the instantaneous magnitude ard directiom
of the load acting upon aircraft-engine Learlngs is important, par-
ticularly when an attempt le being made To increase the power output
of an englne. The effect of an increased power level on tihe maximum
load, mean load, rubbing veloclty, and other criteria of beering
operaticn 13 an lmportant comsideration for the englne designer. In
order to determine this effect, the verious bearing loads nust ve
annlyzed and caomputed.

The fundamentel method of determining bearing loeds for
internsl-combustion e:xgines by means of polar diagrams was Iiatro-
duced by Burkhardt in 1919, (See references 1 and 2,) This method
of analysls provides for combining, at specific crank-angle posi-
tions, the vectors of the gee force and the inertla forces of thse
reciprocating axd rotating masses., The principles of Burkhardt's
method wore standardizad in 1923 by Caminez and Iseler. Ixemples
of the application of Burkhasdi's metkod of analysis to alrcraft-
enrine bearings vwere publis:zied In relerences 3 and 4.

A few attempts have been made to siwplify the ccmputation of
alrcraft-engine bearing loads. In 1931 Janoway (reforence 5) pro-
posed o gimpiified mothod of obtaining the moan locd acting upon
a cranxpin bpearing. The horizontal and vortical beering-load
canpcnents were averagzod to obtain a mean resultent for a selacted
ocrank-angle intervel., Thc mean bhearing load wes congidered to bo
cguel to the average of the individual resnltant values, Samels
(refercnce &) dcscribod in 1935 a eimplifiod method of determiring
the mean crankp’n-bea:'ing load. Prescott and Poole (reforenco 4)
also presented a glmpiifiod cormutation of bearing loads.

A% the requost of the Alr Technical Sorvice Coammand, Army Air
Forces, an investigntion was corducted at the WACA laboratory at
Cleveland from Sephomber 1943 to March 1944 to develop a gonoral
motlLod of dosormining bezaring loads., A nimbor of bearing loads
voro determined by Burkhards's method, tho results of which lod to
tho development of a goneial solution for detoimining boaring loads
ovor a wildo rengo of ongino conditions, The anal;ses and the gon-
eralizod mothod ere dosciibod horein, and the computation of maximum
end mean crankpin-bearing loads for a production V-type engine is
presented tc demornstrate tiils motaod,
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THEEORY

The dimensional method of reasoning employed by Buckingham
(reference 7) has been used in other fields of research will con-
slderable success. The first step in applying this technique to
the determination of the loads acting in an in-line V-type alrcraft
engine, is to list all the variables. These variables are tabulated
a8 follows:

Symbol Variable Dimensiocnal Relation
formala

N Engine speed, rpm p-1 Independent

P Indicated mean effective pressure, FL-2 Independent
pounds per square Inch

Lg Stroke, Inches L Independent

W Crankpin-bearing load, pounds F 1 T

M, Reciprocating mass per crankpin, FToL” y
Blugs

Mb Rotating mass per crankpin, slugs F'I-ZL"1 _ 2,

D Diameter of bcre, inches L T3

LR Length of connecting rod, inches L Ty

P, Manifold pressure, pounds per FL™® o
aquare inch absolute

r Comprassslon ratic None ng

2] Crank aengle, degrees Nons Ty

Y Angle between cylinder center lines, Ncne Ty
degrees

When the three independent variebles are speed, indicated mean
effective pressure, and stroke, all the unknown, ncndimensional =«
quantities may be expressed in terms of the independent varlables
by the conventional method. The results are as follows:

W
ﬂa=

&
% o

5%, 4%

o 19 &
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Vhen Buckingham's n theorem is applied (explained end sim-
plified in reference 8), the follcwing equation is obtained:

2 2
M. N MbN T Pnm
W= I"S PQE LSP 12 I:: P" 6, 1,7 (1)

where (i is gome function of the several nondimensional = quan-
tities. IFf the indicated mean effective preegsure 1g assumed to be
pronortional to the manifold preasurs, equation (1) simplifies to
the f'oilowing expression for a specific engine:

2
W= pif {N—f’ e] (2)

Equation (2) establishes the fact that, if W/p 1s plotted against
N°/p &t a constent value of crank angle, e smcoth curve will be
obtained. Eguation (2) 1s aprplicable to the principal bearings of

both in-line and radial engines.

CONVENTIONAL COMPUTATION OF CRANKPIN-BREARING LOADS

The significance of equation (2) will be demcnstrated by
applying 1t to the analysis of the maximum and the mean crankpin-
bearing loads of a V-type engine under various englne speeds and
indicated mean effective pressures. In order to apply equation (?)
to a specific engine and thereby obtain values of W/p, the bearing
loads for a number cf representative ergine operating conditions
must be computed. These computaticns are made in the usual manner
prior tc gereralization, '

The symbols end conventions used hereinafter are defined in
the preceding section and in figure 1. Specifications for the
V-type engine investigated herein are given in the appendix, and
sketches of the connecting-rod, blade-bearing, and crankpin-bearing
arrengement are shown In figures 2 and 3, Thrcughout this report,
a crank angle § of 0° refers to the top-center position of cyl-
inder 11 at the beginning of the expansion stroke.

[
Power condliticns. -~ The specific conditions of speed and indil-
cated mean effective pressure used for application of the analysis
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are glven in the following teble. The inteke-manifold pressure was
asgumed to inorease nroportionmately with indicated meen effective
pressure.

Power | Engine sneed imep Intake-~ 1hp
condl-"(7om) [(percent |(1b/sq in.)]|(percent |Ranifold
tion rated) b rated) |Pressure
(in. Hg
absolute)
1 3000 100 182 75 39 1170
2 3000 100 242 100 52 1570
3 3000 100 303 125 65 1960
4 3000 100 363 150 78 2350
5 3300 110 242 100 52 1720
6 3600 120 242 100 52 1880

Method and construction of diagrams., - Standard cycle dlagrams
wvere construoted according to the method given in reference 3 for
each of the foregning condlitlione using an exponent of 1.30 for both
the expansion and the compresslon curves. An Indicator-diagrem
factor of 0.90 was employed, and the maximum gas pressure was made
75 percent of the comnmuted maximum. A representative indicator
diagram for power condition 2 (in the foregoing table) 1s given in
flgure 4.

The gas force at any crank angle is equal to the product of
the corresponding value of the npressure from the indicetor diagram
and the plston area. The recliprocating inertia force at any crank
angle is equal to the product of the reciprocating mass and the pis-
ten acceleration, Values of acceleration may be found in Smith's
cumpilation of platon accelerations (reference 9 ). The resultant
load acting on the »iston pin parsllel to the cylinder axis 1s
obtained by algebraically combining the gas force and the recipro-
cating inertiae force. Thie resultant load, when mmltiplied by the
gecant of the angle @ (fig. 1), glves the force acting along the
connecting-rod axis.

The centrifugal force ecting on the orankpin may be computed
from the values of the rotating mass, the crank throw, and the
engine speed. The resultant load acting on the crankpin at any
particular creank aengle is obtained by the vector addition of the
centrifugal force, the force along the fork-rod axis, and the force
along the blade-rod axis, account belng taken aof the firing order
of the engine,

A representative pclar diagram of forces acting upon the crank-
pin bearing wilth resvect to the engine axis for power condition 2
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(engine speed, 3000 rpm; imsp, 242 1b per sq in.) is shown in fig-
ure 5. The three individual vectors constituting the resultant
crankpin load at a crank angle of 20° are shown to illustrate the
method of vector addition.

A polar dlegrem with respect to the crank axis is more useful
than a disgrem with respect to the ecgine axis In defining loads
ecting on the crankpin. Polar dlagrums wlth respect to the crank
axis may be obtained by rotating each resultant vector of figure 5
countsr to the directicn of rotation through an angle corresponding
to the number of crank-angle degrees indiceted at the terminal snd
of the vector. The polar dlagrams with respect to the crank axls,
for each of the six power ccnditlcns, are glven in figures 6 and 7
in terms of crank-angle dearees.

The polar dlagrems with regpect to the fork-rod axis are also
of interest with regurd to loads actving on the bearlng shell. These
dlaegrams are obtained by rotating the diagram with respect tc the
crank exis 1n the direction of crankshaft rotation through an angle
af 130° + ay, where a7 1s *the angle defined in figure 1. The
polar dlagrams with respect to the Fork-rod uxis, for each of the
s8lx power ccnditicns, are glven in figures 5 end 9 1n terms of
crank-angle degrees.

APPLICATICN OF ‘THE DIMENSICNAL-ANALYSTS METHOD
Generalized Lad Cherts

Maximum bearing loads. - The resultant maximum crankplin forces
shown in figures 5 tc 9 can be generalized by means of equation (2).
If Vi/p 1is plotted egainst N/ v for each of the six power condi-
tlcns at constant values of crank sngle (fig. 10), the maxiaum
values of W/p occur at crank angles of approximately 20°, 120°,
or 680°. Addltional points wers computed for the crank angles of
20°, 1200, and 680° in order to extend these curves beyond the
region covered bty the giz rower comdltions. The sclid portion of
each curve corresponds very closely to the maximum value of W/p
over the particuler range of NZ/p concorned. Ali plots of W/p
ageinst N2 P ere portions of hymertolic-type curves. The solid
pertions of each of the three curves lie sufficiently far from
thelr respective vertices to bs c¢ongsidered linear.

4 convenient chart (fig. 11l(a)) for determiring maximum
crankpin loads 18 cbtelned from the curves of figure 1C. In
order to facilitate visuallzation of figure 1l(a), a topographic
repregentation of the surface defined by the load-contour lines of
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this figure 1s presented in figure 11(b). Constant indicated-
horgepower curves have been included for convenlence, The line OA
represents the locue of optimum combinations of &peed and indicated
mean effective pressure for which the meximum bearing load at a
given power level is a minimum.

The use of the constant load chart ig illustrated in the fol-
lowing example. The bearing loads for three ccambinations of speed
and 1ndlcated mean effective pressure producling 2000 indlocated
horgepower are given in the following table. The ftirst column cor-
responds to a point on the line OA (fig. 1ll) for an optimm combin-
ation of speed and indicated mean effective pressure. Values of
maximum load for indicated mean effective pressures 10 percent above
and 10 percent below the gptimum are given in columns 2 and 3,
respectively.

1 2 3

Indicated mean effective preasure, 292 321 263
pounds per square inch

Engine speed, rpm 3,180 2,890 3,520
Maximum bearing load, pounds 17,400 21,650 {20, 600
Meximum unit bearing load®, 2,995 3,730 | 3,545

pounds per square inch

8Tne effective projJected bearing area was taken as
5.81 square inches.

Mean bearing loads. - The mean locad W acting on the crank-
Pin can be determined frcm a rectangular plot of load W against
crank angle using a planimeter to obtain the average height of the
curve. The resultant gas force, the resultant inertia force, and
the resultant total force W are »lotted in figure 12 for an engine
gpeed of 3000 rom and an indicated mean effective pressure of
242 pounds per square 1nch.

The results of the dimengional treatment were agaln utilized
to generalize the mean-load analysis. In figure 13, W is

plotted against Nz/g. The equatlion of the atraight line.repre-
senting the plotted pointe 1s:

- 2
¥= 965 x 1078 ﬁ%) + 135.2 (3)

Equation (3) mey be used to obtain the mean crankpin-bearing loads
for all practical combinatiomms of engine speed end indicated mean
effective pressure.
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A useful chart is obtained from equation (3) by plotting engine
speed against Iindicated mean effectlve pressure for constant values
of mean load. Such a family of curves 1s given in filgure 14. The
optimm-maximm-load curves shown for four compression ratios were
included to permit comparison with each other and with the mean-load
curves end will be discussed In the following section under the
heading Compression ratlio. Constant indlcated-horsepower curves
have been included for convenlence.

Optimum combinations of indicated mean effective preasure and
engine speed. - Famllies of constant indicated-horsepower curves
(fig. 15) for meen and maximum crankpin-beering loads were obtained
from figures 11 and 14. (Points beyond the range of these charts
wore obtailned from figs. 10 and 13.) The loci of optimum cambina-
tlons of engine speed and indiceted mean effectlve pressure for
maximum and mean crankpin-bearing lcads are represented by the
lines CC and DD, respectively.

For a given indicated horsepower, the optimum maximum-load and
the optimum mean-load combinaticns of speed and indicated mean effec-
tive pressure differ considerably. The optimum mean-load combina-
tions (line OC of fig. 14) fall in an impracticable operating reglon.
It 1s possible to approach this optimum mean-load condition only by
operating et lcw engine speed and high indicated mean effectlve
pressure.

A cloged throttle setting in a dive 1s therefore desirable from
e consideration of only the mean bearing load. The rate of change
of maximum bearing load with indizated mean effective pressure at
constant speed is large for polnts above line OA of figure 11 but
negllgitle for points below OA. The indicated mean effective pres-
sure will therefore affect the maximum bearing loaed very little if
the point representing the dive speed and the Indicated mean effec-
tive pressure lies below 1line OA. Inasmuch as difficulty is fre-
quently experienced owing to increased oll pumping during a dive with
closed throttle, 1t apnears advlsable to operate with the throttle
partly closed in order that the combination of indicated mean effec-
tive pressure and speed lles close to, but below, line OA. Although
such a throttle setting will glve a mean load greater than the opti-
mum, it appears to be the best sclution with regard to crankpin-
bearing loads.

Rubbing factor. - The "rubbing factor,"” as defined by Prescott
and Pocle in reference 4 (p. 310), may be obtained for any cambina-
tion of smeed and indicated mean effectlve pressure from the value
of the mean load obtained from figure 14 and the equation

F = (2.25 X 10'3) N
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where
F  rubbing factor, (ft-1b)/(eq in.)(sec)

N engine speed, rpm

-—

W mean crankpin-bsaring load, pounds

Although the rubbing factor is not generally considered a good
criterion for the severity of bearing operating conditions, it 1s
glven for what it may be worth.

VYerification of the Generaliged lLoad Charts

As a means of checking the results of the generalized analysis,
&8 polar dlagram was constructed employing an extreme cambination of
engine speed and Indlcated mean effective pressure: englne speed
of 3600 rpm and indlcated mean effective pressure of 182 pounds per
square inch, The resultlng polar dlagram 1s glven in figure 16.

The maximum lcoed 1n figure 16 ls 20,100 pounds at a crank angle
of 130°. The maximum load from figure 11 is 19,600 pounds at a crank
engle of approximately 120°. This close agreement of values is con-
sldered an excellent check of the accuracy of the computations as
well as of the generallzation method.

Effect of Englne Dimensione upon Crankpin-Bearing Loads

The bearing-load charts presented herein are directly applicable
only- to an engine having the dimensions given in the appendlx.
Attempts to make the loed charts applicable to any in-line engine
have not been entirely successful because no simple method has been
found by which a change in the magnitude of the reciprocating and . -
rotating welights may be taken into consideration by the application
of dimensional analysis. The changes in the load charts brought
ebout by changes in the connecting-rod length and the compression
ratio, however, have been determined.

Connecting-rod length. - The connecting-rod length plays an
unimportent part in the development of bearing loads. This length
affects only the ratio of the conmnecting-rod length to the crank
throw, which in turn influences the acceleration of the piston and
thus the mesgnitude of the reciprocating force, Practical values
of the ratio of the connecting-rod length to the crank throw for
In-1ine alroraft engines might be comsidered to lle in the range
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from 3 to 4. It has been found that changes in the rod length-
crank throw ratio within this range have no measureable effect upon
the lcad maegnitudes glven 1n the polar diagrams.

Compregsion ratlo. - The campreesion ratlo affects the shape
of the Indicator diagram and therefore the gas force developed in
the engine cylinder. The influsnce of compression ratio upon ges
force during the exhauet stroke, the intake stroke, and most of the
compresslon stroke 1s gquite small. The comprescion ratio has a
considereble effect vupon the gas force, howsver, durling that por-
tion of the expansion stroke wheu the piston is near the tcp-center
position,

The campression ratio will influence the mean crankpin-bearing
load very little at eny given engine speed-power combination inas-
much as the compresslon ratic effects the gas force significantly
only during a small portien of the cycle, and part of this effect
is compensatory. The mean-load diagrams shown in figures 13 and 14
are appllicable fcr all valuea of compresslon ratlo from 5.50 to 8,50.

The maximum crankpin-load curves ln figure 11 for a compression
ratio of 6.65 are supvnlemented by figure 17 in which the compression
retios are 5.5C, 7.5C, and 3.50. TLe maximm loads may occur in the
crank-angle ragion of 20” 120° or 680° depending upon the value
of N2[p. These figures show that the resultent crankpin-boaring
loads in the region of 20° are considerably influenced by compres-
sion ratio.

The 1lncatlon of the curves OA, whlch indicate optimum combina-
tione of englne epeed and indicated mean effectlve pressure, chenges
with compresalon ratio. The OA curves for the four cumpression ratlos
ccngidered herein were included in figure 14 for comparative purposes.
The following btable shows the variation of maximum and mean loads
with compressicn ratio at 2000 indicated horsepower for optimum
max imum-).oad comblnations of indicated meun effective pressure and
engine speved.

Ccmpression ratio
5.50 | 6.65 | 7.50 | 8.50

Engine speed, rrm 2,960 ( 3,180} 3,300 | 3,440
Indicated mean effective pressurse, 313 292 z8l 270

pounds oY square l1nch
Outimum maximum load, pounds 16,100 17,400 |18,150 i9,400
Mean load, pounds !12,500 13,600 [14,200 {15,000
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Even though the mean load i1s independent nf compresslion ratio for

& glven combination of indicated mean effective pressure and engine
speed, both the optimum maximum and the corresponding mean crankpin-
bearing loeds are seen to inoreass directly with compresslon ratlo
at a constant power level.

DISCTSSION

The dimenslonal treatment has enabled a generalization of the
findings from a relatively few bearing-load analyses to be extended
to any power condition. is dimenslonal method 1s epplicable to
both in-1ine and radial englines. Although specific numericel values
glven 1n this report ars appliceble only to the production V-type
englne herein consldered, the quallitative concluslons apply to any
in-line, V-type engine.

Two important bearing-operating criterla are bearing running
temperature and fatigue strength of the bearing metal. If a bearing
tends to overheat, two generel remedles are avallable:

1. The design of the bearing may be changed to increase the
rate of oll flow by lncreasing the oil-inlet pressure, the clearance,
the engline speed, or by introducirg a clrcumforential oil groove.
Such changes as these may also iniluence engine ~perating variables
other than oll flow and, therefore, may not offer a satlsfactory
solutlion.

2. The berring operating temmerature may be lowered by decreaslng
the heat genecreted in the bearing by reduclng the mean bearing load.

The bearirz-load analysis shows that a considerable decrease in
mean bearing lozsd is realized with a reduction of engine speed. If
sn englne must opexate at the ophimum combination of speed and Indi-
cated mean effectlive pressure for maximum load at a glven power out-
put and overheating of the crankpin bearing develops, little can be
done to decreaso the heat generated and some means of Increasing the
rate of heat dlsslpation must be employed.

If the range ot etress 1s taken as the criterion of fatlgue
severity, thon, as a first approximation, the difference between the
max;mum and the minimum bearing loads will be a measure of the tend-
ency for a bearing to fall from fatigus. Because the minimum boaring
load 18 close to O pound for the wide range of power condltlions con-
sidered (figs. 6 and 7), the difference between the maximum bearing
load and zero bearing load may be considered as representative of the
atress range. If fallures from orankpin-bearing fatlgue are experli-
enced, operation at a comblnation of indicated mean effective pressure



12 NACA ARR No. ESH10a

and englne speed corresponding to the optimum line OA in figure 11
or CC in figure 15 would be advantagsous.

Representative values of crankpin-bearing opsrating character-
lgtics obtained from the maxlmum- and mean-loed charts of this
roport are given in table I.

CONCLUSIORS

A method of computing maximum and mean bearing loads of an
alrcraft engine that 1s applicable to both radiul and V-type englineas
was developed by dimensional analysis. From a serles of computa-
tions using this method cf enalyzing bearing loads of a V-type engine,
the following conclusions were drawn.

For V-type englnes:

1. Optimum combinatione of engine speed and 1ndicated mean
effective pressure exist for which the mean and maximum crankpin-
bearing loads are minima for a glven power.

2. At a glven power level the optimum maximum crankpin-bearing
load varies directly with the campresslon ratio.

3. The ratio of comnecting-rod length to crank throw does not
appreclably influence the mean or the maximum crankpin-bearing load.

For +the production V-type engine hereln considered:

1. The combinations of speed and 1ndicated mean effwective pres-
sure corresponding to minimum values of mean crankpin-bearing loeds
lie 1n an imu:actlcal opersting reglon; wherees tho maximum-load
optimm cambirstions fall in a practical operating reglon.

2. The maximum crankpin-bearing load occurs in the crank-angle
region of 20°, 120°, or 6807 depending upan the relative values
of engine speed and indicated mean effective pressure employed.

Alroraft Engine Research Lsboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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APPENDIX - SPECIFICATIONS OF A PRODUCTION,
12-CYLINDER, V-TYPE ERGINE

Number of oylinders . « ¢« « & « « & . T ]
Arrangement of oylinders . . « « « Two blocks at en angle of 60°
Method of mumbering cylinders from
antipropeller end, both blocks . « . ¢« « s » « 1, 2, 3, 4, 5, 6
Firing order . . . . « e o « &« & » . « 1L, 2R, 5L, 4R, 3L, 1R,
+ 6L, 5R, 2L, 3R, 4L, 6R
Directlon of crankshaft rotation,
viewing antipropeller emd . . . .
Bm‘e, 1n. . L ] - [ ] - L ] L] [ ] L] . L] . L]

. . . Counterclockwlase
Stroke 1n L ] 1 ] L ] L] [ ] . [ ] - L ] a L] L] L ] L ] [ ] L] [ ]

e L e L] L e [ ] 5!50
e s « s 2 o s 6.00

Pistcn area, 8¢ In. . . . . . .. « e e« s s « 23.75
Rated engine speed at take-off rpm - e« s s o s s o 3000
Rated indloated mean effective pressure at take-off,

1b/sq in. . . . s h e s e e e e e e e . 242
Rated brake mean effectiva pressure at take-off,

1b/8G 1B. + v v o v e v e e e e e ... 188
Manifold pressure at take- off in. Hg absolute e s s s s s . . 52
Assumed mechanical efficiency at take-off, percent . . . . . 17
Compression ratio . . . . . © e a4 s e e e e s e e s e s 6 65
Fork-rod length, in. . « . . . . - . . ¢« ¢ ¢« s « o+ s « « 10.00
Blade-rod length, in. . . . « a s s « s« « s s « 10,00
Ratio of connecting-rod length to crank throw . . . . . . . . 3.53%

Bpark advance, degz B.T.C.
Intake . . ¢ ¢ o « o &+ ¢ o s o s o 4 o 4 s s - e s e o . ¢ ¢ 28
Exhaust . ¢« ¢ ¢ o o ¢« o s o 4 s 4 e e 0 s e e et 4 os s s e . B4
Yalve timing:

Intako valve opens, dog B.T.C. . . & &+ « o o « » + = e « o 48
Inteke valve closas, dog A.B.C. . . e s e e s s s s e . o 62
Exhaust valve opens, deg B.B.C. . et e s v e s e u « « o« 16
Exhaust valve closes, deg B.T.C. . . + « ¢ « & « » « o« 26
Crankpin dlameter, in. . . . . . © s e s s e e e s s« . 2,998
Bffective length of crankpin bearing, in. . . . ¢« .« ¢ & . . 1.94

Projectod area of crankpin bearing, aq in. . . . « . . . . . 5.81

Reciprocating and rotating welghts:
Wolght of plston assembly, 1b . « . . 4 ¢ ¢« ¢ ¢ & & &
Average weight of uppoer end of blade or fork rod, 1d
Reciproocating welght per cylinder, 1b . . . . . «
Welght of crankpin bearing, b . . . . . . . .
Welght of lower end of fork rod, 1b . . .
Welight of lower emd of blade rod, 1b . .
Rotating weight per crankpin, 1 . . . .
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TABLE I - CRANKPIN-BEARING OPERATING CHARACTERISTICS OF THE PRODUCTION

V-TYPE ENGIRE HEREIN CONSIDERED

Power |Engine| imep, ihg | Maximum | Maximum [Locetion IMoan Mean Rubbing
condi-|{epeed, |. P bearing|{ unit- of maximum |bearing{ "unit- factor,
tion N {(1b/sq in.) load®, | bearing |bearing [load®, | bearing RF .
(rpm) W 1oad? load W loadP (£t 1b) {
(1b) [(1b/eq in.)|(crank- (1) |(1b/sq in.){(sq in.
angle deg) (sec) -
1 3000 182 1170 | 14,800 2540 120 11,100 1510 75,000
2 3000 242 1570} 15,50C 2670 120 11,800 2030 79,600
3 3000 303 1960 | 15,100 3300 20 12 600 2170 85,000
4 3000 363 23501 25,100 4320 20 13,400 2300 90,400
S 3300 242 1720 | 18,100 3120 120 13,500 2320 100,000
<] 3600 242 1880 | 21,000 3610 120 15,500 2660 125,000
7 3175 298 2060} 17,900 3080 20 and 120| 13,900 2390 99,000

8The bearing-load data were taken from figures 11 and 14 and deviate slightly from the

values shown on the pclar diagrams (figs. 5 to 9).

DThe effective projected bearing area is taken as 5.8l square Inches.
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Figure 1. - Schematic diagram of the mechanism of a 12-cyl-
inder V-type engine.
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Figure 5. - Polar diagram showing the magnitude of the re-
sultant force on the crankpin of a V-type engine and its
direction with respect to the engine axis. Engine speed,

3000 rpm; indicated mean effective pressure, 242 pounds
per square inch. :
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effective pressure of 242 pounds per sguqre inch and different engine speeds.
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